In the cyclic rat, uterine weight increases at proestrus, pituitary LH content drops from a maximum at proestrus to a minimum at estrus, and ovulation and vaginal cornification then occur. To investigate the timing of the ovarian secretion presumably responsible for these changes, ovariectomy or sham ovariectomy was performed at increasing intervals before the day of estrus. Results in both 4-and s-day cyclers indicate that the ovary must be in situ between diestrus 4 PM (day before proestrus) and proestrus IO AM in order for estrous vaginal cornification to occur; it must be in situ between diestrus IO AM and 4 PM (day before proestrus) for the uterine weight increase and pituitary LH discharge to occur. In some rats sham ovariectomy, when performed at diestrus I o AM, delayed the proestrous-estrous changes by at least 24 hr. The "extra" day which occurs in normal s-day cycles results at least partly from a delay in the steroid discharge necessary to cause release of the ovulating surge of LH. , 24)) secretion occurs during follicular growth in the rat is clear from the following: a) uterine weight and water content increase at proestrus (2); b) vaginal cornification occurs by the morning following ovulation in the 4-day rat and on the preceding morning as well in many 5-day rats (7, 2 I) ; c) behavioral estrus occurs early in the evening between proestrus and estrus (5); d) all of the above are abolished by ovariectomy and can be restored by estrogen (I, I 2) or, in the case of mating behavior, most satisfactorily by estrogen plus progesterone (4). Recent evidence' (I 7, 2 I) has demonstrated that an ovulatory
In the cyclic rat, uterine weight increases at proestrus, pituitary LH content drops from a maximum at proestrus to a minimum at estrus, and ovulation and vaginal cornification then occur. To investigate the timing of the ovarian secretion presumably responsible for these changes, ovariectomy or sham ovariectomy was performed at increasing intervals before the day of estrus. Results in both 4-and s-day cyclers indicate that the ovary must be in situ between diestrus 4 PM (day before proestrus) and proestrus IO AM in order for estrous vaginal cornification to occur; it must be in situ between diestrus IO AM and 4 PM (day before proestrus) for the uterine weight increase and pituitary LH discharge to occur. In some rats sham ovariectomy, when performed at diestrus I o AM, delayed the proestrous-estrous changes by at least 24 hr. The "extra" day which occurs in normal s-day cycles results at least partly from a delay in the steroid discharge necessary to cause release of the ovulating surge of LH. T HAT ESTROGEN (as well as progesterone (2, 24) ) secretion occurs during follicular growth in the rat is clear from the following: a) uterine weight and water content increase at proestrus (2) ; b) vaginal cornification occurs by the morning following ovulation in the 4-day rat and on the preceding morning as well in many 5-day rats (7, 2 I) ; c) behavioral estrus occurs early in the evening between proestrus and estrus (5); d) all of the above are abolished by ovariectomy and can be restored by estrogen (I, I 2) or, in the case of mating behavior, most satisfactorily by estrogen plus progesterone (4). Recent evidence' (I 7, 2 I) (Physiologist 6 : 270, 1963) . surge of LH is released between 2 PM and 4 PM only on the afternoon of proestrus, in spite of a daily "2 PM-~ PM" facilitatory period for LH release (7), suggesting that a second facilitatory event occurs on the day of proestrus. Single injections of estrogen or progesterone induce ovulation (7), suggesting that the proestrous facilitation of LH release is due to a preceding steroid discharge.
The purpose of the present study was to investigate the time of release from the ovary of the steroid(s) responsible for the uterine growth, vaginal cornification, and LH discharge of proestrus and estrus. The technique utilized was to ovariectomize rats at various times before the day of estrus and then determine whether the above-mentioned alterations had taken place in spite of ovary removal. Figure I (groups r-qb) indicates the times when rats were ovariectomized or sham ovariectomized before autopsy at "proestrus" or "estrus."
METHODS

A. Experimental Design
The degree of pituitary LH discharge was assessed, in the absence of ovaries, by measuring pituitary LH content at estrus, since a significant drop in pituitary LH content occurs between the mornings of proestrus and estrus (2 I) , accompanying ovulation. However, the use of pituitary LH content at estrus as a criterion of release in ovariectomized rats depends on the validity of two assumptions. The first is that pituitary LH content will not drop between proestrus and estrus if release is blocked. The second is that if pituitary LH content is found to be high at estrus it is a result of blocking the acute release and not just a reflection of the beginning "pile-up" of LH seen I week after ovariectomy (20) .
As a test of the first assumption some rats were injected with pentobarbital at 2 PM on the afternoon of proestrus to determine whether pituitary LH content remains high at estrus, correlating with ovulation blockade (7, 22 LH release (Fig. I , groups +-6b). Control data for all variables were obtained from 4-day or 5-day cyclic unoperated rats autopsied at each of the cycle stages which served as an operation or autopsy time for the experimental rats (Fig. I) .
B. Adult Donor Groups
Ninety-or sixty-day-old female rats were obtained in seven separate lots from Sprague-Dawley Inc., in Madison, Wis., and were housed in a temperaturecontrolled, artificially lighted (5 AM-~ PM) room for IO-20 days before the start of vaginal smearing. Smears were thereafter made each morning before IO AM until autopsy. Each of the 247 rats finally selected (from more than 500) had demonstrated at least two regular cycles before the cycle in which it was used. The previous (2 I) criteria for determining cycle stage were rigidly adhered to. Rats running both 4-and 5-day cycles were used in almost all groups, with pituitaries being assayed separately for the most part.
I. Untreated controls. Untreated rats were decapitated at estrus (10-1 I AM or 4-5 PM), metestrus (10-r 1 AM), diestrus (day after metestrus) (IO-I I AM), diestrus (day before proestrus) (I O-I I AM or 4-5 PM) and proestrus (I O-I I AM). There is only I day of diestrus for 4-day rats. The uterus was grossly inspected for intraluminal fluid ("ballooning"), trimmed, and weighed before and after (Fig. I) . Bilateral ovariectomies were performed using ether anesthesia under nonsterile conditions. The uterus was inspected in situ for ballooning and the oviducts were checked for presence of ova. Ovaries were weighed and discarded.
Bilateral sham ovariectomies were performed in a similar fashion with the uterus and oviducts being observed in situ. At the time of autopsy the same procedures were carried out as described for the untreated controls.
In addition to the operated groups described in Fig. I (21)) but the source of heterogeneity was within the 5-day cyclers. The three diestrous PM pools, however, also showed heterogeneity, and for these it appeared that the 5-day cyclers had a higher pituitary LH content. The striking aspect of the LH data in Table I is that on the morning of the 2nd day of diestrus (day before proestrus), LH content in the 5-day rats is still at diestrous values, not at the high proestrous values seen in the 4-day rats on the same day with respect to the time of last ovulation. Pituitary (and ovarian) weights were not significantly different either with respect to type of rat or stage of cycle (Table I) .
In 4-day cyclers, vaginal cornification is present only on the day when ova are found (Table I ). Frequently at the time of the proestrous morning smear, nucleated cells are already predominating, although this is not always the case. By contrast, most of the 5-day cyclers show 2 days of cornification, the first on the day of proestrus (Table I) .
Uterine wet weight (Table I) , water content, and dry weight were highly correlated with each other. Analyses of variance were carried out for wet weight and water content, testing the significance of a) differences among cycle sta'ges, b) differences between 4-day and 5-day cyclers, and G) interaction between cycle stage and animal type. For both wet weight and water content there was no significant difference between 4-day and 5-day rats nor was there a significant interaction between cycle stage and type of rat; however, cycle stages were highly significantly different from each other. On the morning before proestrus for the 5-day rats uterine weight had already started up toward proestrous values in some rats (Table   I) .
Maximum
weights, however, were seen on the morning of proestrus for both types of rats, an abrupt fall in weight occurring by estrus (Table  I) . For 4-day rats uterine ballooning was seen only on the morning of proestrus, but for some 5-day rats it was seen on the previous day as well (Table I) .
2. Effects of pentobarbital treatment. As can be seen in Table 2 , pentobarbital administration at 2 PM on the day of proestrus blocked ovulation in all animals (7, 22 and the expected drop in uterine weight took place in spite of the blocked ovulation in all of the eight injected rats. However, four of the rats still showed at least some degree of uterine ballooning.
3. Acute effects of ovariectomy (within 48 hr). Data summaries for the animals ovariectomized within 48 hr before estrus are seen in Table 2 . The data on pituitary LH content and uterine weight are also presented in Fig.  2 , against a background of the g5 % confidence limits of unoperated rats. The rats ovariectomized at IO AM on the morning of proestrus showed (Table 2 , Fig. 2 ) the normal drop in uterine weight and also a drop in pituitary LH potency from 9.0 to 6.6 pg at estrus. Vaginal cornification was seen in the majority of these rats ( Table 2 ). The only two rats not demonstrating cornification at autopsy were 5-day rats which had been cornified at the time of surgery, at which time they were definitely in proestrus, not in estrus.
A quite different picture was seen following ovariectomy at 4 PM on the afternoon before proestrus ( Table 2 , Fig. 2) . Uterine weight at the proestrous autopsy time failed to show the pronounced rise seen in unoperated rats (Table  I ) but all four rats showed some degree of proestrous ballooning. By estrus, uterine weights had dropped to the minimum seen during the cycle (Fig. 2 ). Pituitary LH content on the morning of proestrus was significantly heterogeneous between the pools (Table 2) : 4-day pool = 4.3 ,ug (1.9-7.9); 5-day pool = 10.3 pg
This is reminiscent of the heterogeneity seen in diestrous 4 PM controls (Table I) and suggests a delay in LH storage. However, no heterogeneity occurred among the LH potencies as measured at estrus (Table   2) ; the mean potency at this time was closer to control proestrous than estrous values (Table   I ).
Six of the eight 5-day cyclers ovariectomized at diestrus 4 PM showed vaginal cornification on the morning of proestrus but only two of the twelve rats autopsied at estrus showed cornification at autopsy (Table 2) , these being one 4-day rat and one 5-day rat (cornification blocked at estrus in a/ I5 vs. 1 o/I 2 following surgery at proestrus IO AM and diestrus 4 PM, respectively; P < .o I by chisquare analysis).
Finally, following ovariectomy on the morning of diestrus, uterine weight shows a fall instead of a rise at proestrus and has dropped even lower 24 hr later ( Table  2 , Fig. 2 ). Pituitary LH content shows the normal rise at proestrus and does not change at all from this value at estrus (Table 2, Fig. I ), resembling the effect of pentobarbital (Table   2 ).
Of the five 5-day cyclers ovariectomized at this time only one showed cornification at proestrus; but not a single animal of either cycle length showed cornification at estrus (Table 2) . Data for the rats ovariectomized after the time of LH release are summarized in Table 3 and Fig. 2 . A fall in uterine weight from already low values occurred within the first 18-24 hr after surgery, regardless of the stage of the cycle when ovariectomy was performed, and then did not fall further during the next 24 hr (Table 3 , Fig. 2 ). Pituitary LH content rose 3.1-3.3 pug during the 24 hr from metestrus to diestrus in all three groups of operated rats (compare 6.4 to 9.5 pg, 6.8 to 9.9 pug, and 4.4 to 7.5 pug; see Tables I and 3 ). This might be called the baseline rate at which pituitary LH will rise over a 24-hr period following ovariectomy, since over this time span in the unoperated rat it did not change at all (Table I) Table   I. or the estrous drop in pituitary LH content (Table   2 ).
However, the rise in uterine weight at proestrus was somewhat reduced by surgery at diestrus 4 PM.
By contrast, sham ovariectomy on the morning of diestrus had quite drastic sequelae. The four 4-day rats autopsied at proestrus did not show the expected rise in uterine weight, two showed only partial uterine ballooning, and both pools of pituitaries revealed low LH contents (Table 2 ). Of the 16 rats which were autopsied at estrus, only 6 showed vaginal cornification, visible ova, and low pituitary LH content ( Table 2 ). The other IO had no tubal ova by gross inspection, 2 of them (4-day rats) had ballooned uteri, and only I of the latter showed vaginal cornification at autopsy (Table 2) . Pituitary LH contents were significantly heterogeneous in these rats; the mean potencies were 3.8, 6.7, 7.7, 8. I, and I I .8 pg. Uterine weights in the nonovulating rats were somewhat lower than in the ovulating rats at estrus (Table 2) , but all were reduced from control estrous levels. ovariectomy, six had shown the expected cornification at proestrus.
For these six rats sham ovariectomy could conceivably have induced ovulation 24 hr early (as progesterone does (7))) so that it took place on the night of surgery, with the ova no longer grossly visible at autopsy (Table I) . On the other hand, the surgery may have delayed ovulation, as in the $-day rats, perhaps by reducing estrogen secretion soon enough to block the estrous cornification, but not soon enough to block the proestrous cornification (Table   2) .
If the former were true, then ova should still be detectable in serial sections of the oviducts (16; unpublished observations) ; if the latter were true, the ova would no longer be present in the oviduct. Serial sections of one oviduct from such a 5-day rat revealed no intact ova, suggesting that this rat had not ovulated recently.
Thus it is probable that subsequent events are delayed, not speeded up, by sham ovariectomy at diestrus IO AM in both the 4-day and 5-day rat. From the data in the 4-day rats (autopsied at either Sham ovariectomy after the time of LH release did not proestrus or estrus) it is clear that sham ovariectomy at alter pituitary LH contents from normal values (Table  diestrus I-O AM can delay ovulation and vaginal cornifica-3, Fig. 3 ). However, uterine weights showed a reduction tion. However, of the seven 5-day rats which failed to from unoperated levels; in fact, this reduction was fully show ova or vaginal cornification 48 hr after sham as severe for the rats sham ovariectomized on the morn- Tables 2 and 3. ing of metestrus or on the afternoon of estrus as for the ovariectomized rats (Table 3 , Figs. 2 and 3 ). 5. More chronic efects of ouariectomy and sham ouariectomy. Pituitary LH content and uterus weight 3 and 4 days after ovariectomy (at IO AM on the morning of estrus) are shown at the bottom of Table  3 . Uterine weight continued to drop from the value at 48 hr, but pituitary LH content did not change. One month after ovariectomy, uterine weight had dropped to a minimal value, and pituitary LH content showed the expected, very large postovariectomy rise. By contrast, 3 days following sham ovariectomy, uterine weight had not dropped further and by the 4th day showed recovery (Table, 3), some animals (5-day cyclers) being in proestrus. Pituitary LH contents also remained at diestrous values 3 and 4 days following the sham operation.
DISCUSSION
It seems clear that the critical time during which the ovary must be secreting in order to produce the proestrous-estrous changes in uterine weight, vaginal smear, and pituitary LH content is the 24-hr period between IO AM of diestrus and IO AM of proestrus, since ovariectomy at the beginning, but not at the end, of this period blocks virtually completely all of the expected changes (Table   2 ).
Since the pituitary LH content rose about 3 pg between metestrus and diestrus following ovariectomy (Table 3) , the LH contents at estrus of animals ovariectomized on the morning of proestrus, or the afternoon before, might conceivably represent a normal LH discharge with a 3-pg increment superimposed. However, the rats ovariectomized at diestrus IO AM show almost a 5-pg increment over control estrous LH contents suggesting at least some inhibition of the ovulatory discharge and substantiating the hypothesis (21) that the timing of the cyclic LH discharge in the rat is due to a daily (ccclock") facilitation which occurs between 2 PM and 4 PM and an ovarian steroid feedback which reaches threshold levels at proestrus.
A previous study in the rat also demonstrated that ovariectomy 48 but not 24 hr before the time of vaginal cornification prevents its occurrence (I 2). Observations that estrogen induces vaginal cornification after 24-40 hr (I 2), maximum uterine weight increase in 20 hr (I), and ovulation by 48 hr which can be blocked at 20 hr by atropine (7) support the results of the ovariectomy experiments with regard to the timing of steroid secretion.
If estrogen is secreted on the day before proestrus, gonadotrophin secretion must, of course, be responsible. Indirect evidence for this gonadotrophin release is as follows: a) between late diestrus and early proestrus, ovarian ascorbic acid and lipid concentrations drop (I 7), luteolysis begins, and the corpora lutea are no longer capable of supporting pseudopregnancy (7) ; b) LH can induce luteolysis and is necessary for estrogen secretion by the FSH-stimulated follicle (7) ; c) antibodies to gonadotrophins block ovulation but not cornification when administered at proestrus (I 5), resembling the effects of pentobarbital (Table 2 ), but when administered on the day before proestrus they block the expected cornification (6), as did ovariectomy (Table 2) . A significant reduction in uterine weight occurred following ovariectomy at estrus or metestrus (Table 3 , Fig. 2 IO AM) was ineffective with respect to uterine weight the sham operation was also (Table   2) ; when ovariectomy reduced uterine weight at the other cycle stages (Fig. 2) , sham ovariectomy did also, but to a lesser extent (Fig. 3) . However, on the highly critical day of diestrus sham ovariectomy prevents, in many rats, much of the expected uterine, vaginal, and pituitary change of proestrus and estrus (Table 2) , thus delaying the completion of the cycle. Similarly, in hamsters, which are usually highly regular 4-day cyclers, unilateral ovariectomy during the day before proestrus can induce a delay (24 hr) in ovulation time ( I I ) . The picture which emerges for the 4-day rat with respect to pituitary and ovarian events is as follows. Soon after ovulation, follicular growth begins, and proceeds at a linear rate until the preovulatory swelling (5). The follicles begin secreting estrogen as early as the day of estrus (Table  3) . Pituitary LH content rises from the time of estrus to the morning of proestrus (2 I, Table I ) in spite of the fact that release must be occurring in order for estrogen secretion to occur (7). On the day before proestrus a final larger release of estrogen occurs ( Table   2 , Fig. 2 ), which is responsible for the obvious estrogeninduced changes (uterine, pituitary, and vaginal) of proestrus and estrus. Finally, when the ovulating surge of LH begins acting on the follicle, estrogen production probably decreases to minimal values, since a) ovariectomy at proestrus had no effect on uterine weight, which drops rapidly anyway at this time in normal rats (Tables  I and 2 (Table   I) .
Not all of the drop in uterine weight in unoperated animals between proestrus and estrus (Table I) can, however, be explained on the basis of a decrease in estrogen secretion, since Astwood showed (2) that the uterine weight response to exogenous estro gen is also reduced at this time. He suggested that this is due to a preovulatory secretion of progesterone. That progesterone is, in fact, secreted before ovulation has recently been demonstrated by measurements of progesterone in rat plasma (24).
In the 5-day rat, follicular growth follows the same course as in the 4-day rat except that preovulatory swelling is delayed by 24 hr (5). Some estrogen secretion starts as early as the day of estrus ( Fig. 2 ). "Estrous" autopsy data for rats sham ovariectomized at rats which had AM On the day of diestrus are shown separately for ova at the time of autopsy (uninterrupted line) and for those which did not (interrupted line).
( Table I) . However, it is unlikely that this is the primary cause of the 24-hr delay in ovulation in all 5-day cyclers, since the lag m LH storage was not uniformly observed in a previous study (21) and, moreover, electrical stimulation of the preoptic area at 2 PM on this day can cause ovulation in some 5-day rats (8), indicating that adequate pituitary LH release is possible. Since most 5-day rats are cornified at proestrus (7, 2 I, Table I ) and a few show an
